Ideally studies on the population dynamics of organisms should be holistic, general, precise, and realistic ( 64). Much too often, however, support for research on forest pests approximates the curve of the gradations in time and space, resulting in periodic gathering of bits and pieces of information that differ little from that gathered earlier or elsewhere (68). Therefore it is not surprising that lack of compre hensive, quantitative information on many generations of a field population has handicapped the progress of theoretical thinking on the dynamics of populations, which badly needs "more light and less heat" (86). It has been proposed that research efforts should be coordinated internationally on a few model insects in order to cope with complexity and diversity of population dynamics at a high level of efficiency (25). We consider that the larch bud moth, Zeiraphera diniana, would meet the criteria for being such a model insect (1 8).
TAXONOMY
The larch bud moth was first described by the French entomologist Guenee (1845) as Sphaleroptera diniana, based on a specimen collected near Digne in the Depart ment Basses Alpes. In 1846 the German Zeller and the English Douglas described two tortricids as Grapho/ita pinico/ana and Poeci/ochroma occu/tana; these have since been recognized as conspecific with S. diniana. Hiibner's (1796-1799) descrip tion of Tortrix griseana was based on a doubtful pictorial presentation of the moth and has been invalidated. Subsequently the species was included in several other tortricid genera, such as Steganoptycha Steph., Enarmonia Hb., Semasia (Steph.) Kenn., and Eucosma Hb., and was finally placed in the Holarctic genus Zeriaphera (37) .
. deposited by means of a protractile ovipositor underneath bark scales and in cones (21) in the colline region, but at higher altitudes eggs are laid underneath the talli of the lichen Parmelia exasperatu!a, which cover three-year-old and older branches of larch. The eggs overwinter as embryos in which segmentation and gastrulation are just accomplished (27). Under optimum diapause conditions, which require a chilling temperature of 2°C for 120 to 210 days, egg mortality is only 4-7 % and postdiapause development at Isoe is completed within six days. These tempera ture conditions produce similar effects as those found under field conditions in the subalpine region, where egg mortality is equally low. The cold-hardiness of Z diniana eggs is remarkable. Bakke (13) determined the supercooling points of a Norwegian popUlation on pine collected in November 1965 to be -46.Soe and in February 1969 to be -S1.3°e. Eggs from Swiss larch-form popUlations tested in January 1970 exhibited somewhat higher supercooling points. Eggs from the low land at 500 m supercooled at -3S.4°e and from various SUbalpine provinces at -43.Soe (A. Bakke, personal communication). Temperatures of ISoe, 14°C, and 10°C applied for 30 days, each combined with subsequent storage temperatures at 2°C, were used to simulate field conditions at lower altitudes. Egg mortality after ISO days was 14-19%. But the egg stage could be prolonged up to 270 days before mortality rose above 36% (56) . At low altitudes, emergence of first-instar larvae occurs in April and extends over two to three weeks, whereas at the timberline emergence may last more than four weeks in May or the first part of June (17). Synchronization of emergence with the flushing of the larch is essential for successful installation of first-instar larvae; a mean needle length of 6--S mm is optimal. Second-and third-instar larvae feed between the needles, and only the older third-and fourth-instars spin the needles together to form the characteristic fascicles within which the larvae rest during daytime. Feeding occurs mainly during night and early in the morning, with maxi mum activity around midnight (34) . The mature fifth-instar larvae live along the branch axis in webbings, which often contain frass and dried needles. The larval period lasts 40-60 days and 4-6 needle clusters are inhabited but only partially consumed.
For pupation, the larvae descend to the ground at times of greatest light intensity, either by means of a silken thread or by dropping directly. They immediately enter the forest litter and construct a cocoon from humus and mineral particles. Metamor phosis lasts 25-36 days. Pupal weight varies considerably, even when the larvae are reared at optimum conditions. Female pupae exhibit a range from 33.7 to 38.0 mg, and male pupae vary from 28.7 to 31.5 mg (32, 100). The Siberian subspecies Z. diniana var. desertana reaches even higher weights. Naumenko (7S) presents weights for female and male pupae of an outbreak population as 41.4 and 37.7 mg, respectively.
The moths emerge early in the morning, but f l ight dusk (74) and lasts until midnight, if the temperature remains above SoC (97) . The female produces a male-attractive pheromone (3 1), which has been identified as trans-1 1-tetra-decenyl-acetate by the electroantennogram method (87) , whereas the cis-isomer inhibits male attraction (3 1, 35). Fecundity is correlated with pupal weight (32) and varies considerably between generations. When reared at optimum conditions in the field, mean fecundity is as high as 174 eggs (maximum is 354 eggs) (100), but it decreases subsequent to defoliation by 75-85% (20, 32). Since Z. diniana has postmetabolic gametogenesis (30), the realization of the maximum egg potential is inf l uenced region) (100), the status of nutrition during the moth stage (56, 69) , the presence of stimuli for oviposition by insemination (30), the presence of the host plant (4, 30, 97), and weather factors (17, 100).
ECOTYPES AND LARVAL POLYMORPHISM
Bovey & Maksymov (38) described two sympatric colormorphs of Z. diniana that are distinguishable only during the final larval instar but are obviously related to their host plants: a dark morph, found inainly on Larix (iecidua and therefore called larch form, and an orange-yellow morph, which occurs on Pinus cembra and is called the cembran pine form. These authors also established the close synchroniza tion of first-instar emergence with the bud break of their respective host plants, with the larch form hatching significantly earlier than the cembran pine form. It was concluded that selective survival on the host plants was of major importance for the existence of these two ecotypes (3S).
Crossing experiments between the two extreme color forms yielded a full range of intermediate color phases. With the help of a classification scheme for colortypes, a great variability in colortype structure between years and sites was found for field populations of both the larch and the cembran pine forms (22 tness. These results reveal that polymorphism in the bud moth expresses itself along two different time scales: (a) within the generation, where polymorphic plasticity allows individual acclimatization to the different temperature conditions of the late larval instar feeding site on larch, pine, or spruce; (b) between generations since the genetically controlled change in population f i tness, inf l uences
POPULA nON DYNAMICS IN THE ALPS

Methods of Study
The dynamics of abundance in successive generations, which is def i ned f l uctuation, quantitatively by various methods which complement each other in time and space.
Cartography of larch defoliation was used as an index of maximum density of larval populations in the alpine distribution area. In the fi rst year of visible defolia tion, this method delimits areas of fastest population growth. This task was carried out with the assistance of the forest services of France, Italy, Switzerland, and Austria over the last two gradation cycles (W. Baltensweiler, in preparation). Infor mation on defoliation patterns prior to 1960 was recovered from the archives of the forest services and from other literature as far back as 1811.
The population census initiated by Auer in 1949 (67) provides a basic population estimate (76) for the larval stage of each generation on a weight basis (number of larvae per kg of larch twigs with foliage); this basic population density may be converted to an absolute estimate (11) , or it may serve for quantif i cation defoliation index (5). The census was intended to give information on the spatial pattern of population density in successive generations covering 62 km2 of forests in the Engadine Valley. This valley is orographically a closed unit of 120 km2 in the center of the alpine arch. Phytosociologically most of its forests belong to the subalpine Larici pinetum cembrae (49) . The samples are taken in relation to topo graphic features (altitude, exposure, etc) and are weighted according to host tree density per unit area (8) . The individual larch tree is considered as the sample unit and is selected at random each year. The proper sample, 1 kg of twigs with foliage, is extracted from three branches cut at three levels within the crown of the tree. In 1959 this large�scale population census was extended to four additional subalpine outbreak areas distributed along the alpine arch: the Brianc;onnais (France), the Goms (Switzerland), the Valle Aurina (Italy), and the Lungau (Austria) [see map in (44) ]. Furthermore, 20 sample plots (12; W. Baltensweiler, in preparation) of restricted size were selected systematically along the altitudinal profile from the area of the cyclic f l uctuation area of the latent f l uctuation of the coHine region of Switzerland. In these forests, the larch is grown in small patches from 1 to 100 ha in size. According to the size of the stands, 4 to 20 larch trees per stand are sampled, and up to 3 replicates within an area of 1000 km2 were assumed to provide the desired representativeness.
Life table studies including a census of the egg stage, the larval stage, and the mature larva leaving the larch tree for pupation were conducted at three sites in the Engadine area and at one near Lenzburg (30 km west of Zurich) in the latent fluctuation area at 500 m. Moth dispersal was studied from 1971 to 1975 by a large-scale network of light and pheromone traps covering 30,000 km2 in Switzer land (26).
Defoliation Pattern
Since 1850, information on 15 defoliation periods is available for the area of the canton Graubunden in southeastern Switzerland. Defoliation periods occurred in the Engadine Valley at intervals of 8.64 ± 0.29 yeaI'S and the mean duration of a defoliation period amounts to 3.0 ± 0.22 years. Defoliation appears first at the warmest sites within the Engadine, i.e. in SW-SE exposure, and often only within a zone between 1700 to 2000 m altitude. The size of the area affected in the first year of an outbreak varies considerably among outbreaks; the warmer the weather has been prior to the particular year, the larger is the defoliated area. The regular temporal spatial sequence of defoliation patterns allows to classify the gradations in relation to weather (16) .
Defoliation pattern within the subalpine forest zone reveals that the Engadine Valley in the central part of the alpine arch exhibits the most regular periodicity. There is some evidence that during the last century outbreaks appeared first in the Austrian Alps and spread in the following four years to the west, but in this century this trend was reversed. The gradation 1901 to 1903 serves as the pivotal point; this period was characterized by excessive precipitation throughout the Alps (17). At a lower altitude, between 1200 to 1600 m defoliation occurred at irregular intervals only, the frequency being 0.4 to 0.6 as compared to the Engadine. Also, damage appeared one to four years later than in the subalpine zone (15) .
Quantitative Characteristics of the Fluctuation Types
The larval population census provides unique information, since it covers three full generation cycles for the Engadine area (5, 12; C. Auer, in preparation), two com plete cycles for four additional areas in the subalpine optimum region (12) and simultaneous densities for several local populations representing the irregular and latent f l uctuation tions are described by four criteria (see Table 2 ): the mean density per cycle, the mean for the upper, and lower density limits, and their respective ranges. Based on the assumption that the logarithm of population size follows the normal distribu tion, about 90% of the observations fall within 1.5 standard deviations (sd) of the mean, i.e. within the range of 3 sd. The antilog1o of 3 sd represents the multiplicative factor from the expected minimum to the expected maximum of the respective mean (101) .
The first and the second cycle show remarkably similar values for all four criteria. The mean densities vary between 2 and 8 larvaelkg of foliage, which appears rather astonishing with respect to the 30,000 -fold range between minimum and maximum density of a cycle. Maximum densities are even less variable (1.3-to 1.6-fold). In contrast, the 3rd cycle is rather aberrant; the Valle Aurina population remained at 8 larvae, well below the defoliation threshold of approximately 100 larvae. The Ooms and Lungau populations, with 78 and 117 larvae, respectively, caused defolia tion only locally, whereas the forests of the Brian<;:onnais and Engadine were defo liated in the usual extensive manner. These differences in maximum density are even more remarkable as high and low peak densities alternate in a spatial sequence from west to east along the alpine arch (see Table 2 -regions are arranged from west to east for the third cycle). Finally, minimum densities are quite similar throughout the subalpine area, with one exception: when the Engadine population dropped it! 1967 to the extreme low level of 0.002 larvae per kg foliage, the very large range of 170,000 for the third cycle was induced.
The variability of the cyclic and latent f l uctuation local populations (Table 2 ). In the Engadine, the Sits site in SE exposure had been defoliated ten times bet'Yeen 1878 and 1958, the Celerina site in NW exposure eight times. In the Brinzauls site 50 km to the northwest of the Engadine, defoliation occured only four times in the same period. Population dynamics of the Sils site reflects the proper cyclic type, whereas the latter two populations exemplify the aperiodic fluctuation type exhibited at suboptimum sites. The popUlations in Trim mis (near Churl and Lenzburg (near Zurich), at a distance of 100 and 250 km, respectively, from the Engadine, are characteristic of the latent fluctuation type. Their mean densities of 1.1 larvae appear to be relatively high, but their maximum densities remain well below the defoliation threshold. The minimum density at Lenzburg is highest of all regional and local populations.
INFLUENCE OF CLIMATE AND WEATHER
It must be &tressed that the development of the larch bud moth remains essentially unaltered, irrespective of the climatic conditions. The egg stage lasts ten months in the oak-beech forest at 500 to 800 m and 9 months in the larch-cembran pine forest at 1800 to 2200 m. The most obvious difference is the advancement of the active stages by about one or two months at low altitudes (17). As a consequence the egg stage is exposed to considerably higher temperatures, which prolongs diapause (56) at the cost of increased egg mortality (24). Above 2000 m, moth flight is delayed until September, but then temperatures below 8°C hinder f l ight activity and limit population increase. Thus total developmental time of the bud moth fi ts best with the seasonal and diurnal course of temperature at altitudes of 1700-1900 m.
Radiation at these altitudes induces increased heterogeneity of the temperature regime and consequently of developmental processes and age structure of popula tions. Therefore impact of weather variability between years is effectively buffered and contributes to the climate and weather generally favoring population increase in the subalpine region (22). However, rainy and cold spring seasons, topographic features, and snow cover function to influence synchronization of f i rst-instar gence and bud break of the larch negatively and contribute to the consistent spatial pattern of differential population growth. The differentiation of optimum and subop timum sites within the area of cyclic fluctuation is reflected in the development of mean densities in the course of two population cycles in relation to exposure and altitude (5, 8) .
The sequential effect of temperature on bud moth development along the altitudi nal prof i le population increase. This approach was successful in explaining the population increase of Z. diniana on Norway spruce observed in central Europe (19) and on pine and larch in England (42) .
DYNAMICS OF DISPERSAL
Local Dispersal
Olfactory stimulation from larch foliage is probably a necessary prerequisite for the female moth to release its sex pheromone and/or the male to respond to it. Males disperse by positive anemotaxis in a consistent nightly windf i eld induced by topography. It is also conceivable that the females aggregate by the same mechanism at localities such as gullies or mountain shoulders which are optimally suited for dispersion of the pheromone. This phenomenon contributes to the fact that the fastest popUlation increases regularly occur at the same places.
Vagility of moths emerging in defoliated stands is very much increased, and since oviposition on larch trees without green foliage is significantly reduced, a redistribu tion of population density in inverse relation to defoliation intensity is induced (97) .
Such emigration and immigration on the local scale prolongs the outbreak phase.
The great variability of the mean maximum density (Table 2) at the suboptimal Celerina site exemplifies this aspect.
Long-Range Dispersal
Conspicuous mass fl ights of Z. diniana on mountaintops or glaciers (SO, 69), on the ice of the Arctic (53), or at the lights of cities (40) 
FOOD PLANT RELATIONSHIPS
As in many other insect/plant relationships, the larch bud moth may deplete the larch to such an extent that the larval population loses its food resources and starves (75) . Insect activity may also alter the plant physiologically and induce it to produce food which cannot fully satisfy the needs of the larvae. Tree mortality occurs after defoliation (5), and losses are particularly severe under certain weather conditions and/or after defoliation in two consecutive years (W. Baltensweiler and H. Rappo, in preparation). However, the fact that larch forests in the Alps have survived more than a dozen defoliation periods within the last 125 years (16) indicates that destruc tion of the basic resource is not an important factor in the population dynamics of Z diniana. to heavy larval and pupal mortality, reduced weight of pupae and adults, and reduced fecundity (32, 36, 60, 97), probably as a direct consequence of the reduced fat body of the pupa. Fecundity may drop from an average number of 130 eggs per normally fed female to an average of 20 eggs per female in a defoliated forest (32). Besides furnishing food, the host plant may also act as an arena for intraspecific competition which involves territorial behavior like that observed for Rhagoletis completa (39) and Sparganothis pilleriana (88) , or there may be competition for a more generalized requirement for space free of other insects of the same species. Similar to the pine looper, Bupalus piniarius, in which even infrequent contacts with other larvae decrease the size, fecundity, and fertility of the resulting females, irrespective of the superabundance of available food (63), it has been found that pupal weight of Z diniana diminishes with increasing larval density (32, 60), and that 80% or more of the larvae may leave overpopulated trees as young larvae, when food is not yet a limiting factor (32). These observations have recently been con firmed by F. Omlin (unpublished data), who found that, in the culmination year 1973, an average of 66% of the larval populations left the trees before reaching the last larval instar and that food shortage led to additional mortality, reSUlting in an average total loss of 97.7% (92-100%) of the populations. This value, however, is exceptional. Despite the high mortality rate in a completely defoliated larch forest, the number of surviving adults is as a rule very high. Even though a substantial number of the early emerging moths migrate to green forests (97), the remaining moths with their reduced reproduction potential may still produce such a large number of eggs that, if only one third of them developed to fifth-instar larvae, defoliation would be repeated in the following year (F. Omlin, unpublished data). Fortunately for the subalpine larch, cumulative defoliation is the exception rather than the rule.
Competition for Food and Space
Changes in Tree Physiology Induced by Z diniana
Defoliation of larch trees reduces the photosynthetic activity to such an extent that annual shoot growth is fully or partly inhibited (32). The same is true for cambial growth in the year(s) of defoliation and for one or two subsequent years (55) . The latter effect may be regarded as part of the complex syndrome of delayed effects which have been described by Benz (32) and which may last for two to four years depending on the biotope and weather conditions. One of the most impressive delayed effects is the reduction of the food resources for Z diniana, e.g. the length of needles may be reduced to less than 50% of normal (16; G. Benz, unpublished). These short needles appear to have a tougher texture and are usually darker than normal needles, though chlorotic signs may be found on some trees. Depending on the region and the year, the buds or even the fully grown needles may be covered with a layer of sticky oleoresin. The needles of some trees may grow to almost normal length, but 40-50% of the spurs do not produce needles at all. It seems that in these cases the reserves of the dead spurs are used for the growth of needles on the living spurs. Another regular aftereffect is a slowdown in the growth of larch needles. Chemical analyses of needles from normal and defoliated larch trees showed that as a rule the latter contain a higher proportion of dry material, especially raw fiber (acid/detergent fiber) and less nitrogen (raw protein) (32; G. Benz, in preparation).
Induced Antibiosis
Feeding tests with larvae of Z diniana indicated that the needles of defoliated trees are not as readily consumed as normal needles. This is partly because of the greater toughness of the former and partly because they contain more deterrents and/or less phagostimulants. Their nutritive value is reduced, not only because of the higher contents of indigestible fiber, but also because the nutrients are not as well digested, absorbed or assimilated (32). It is not known whether or not wound-induced protein ase inhibitors are involved, similar to those reported in solanaceous plants (61) or tannins that may reduce digestibility of proteins (51) while acting as deterrents.
Benz (32) found negative correlations between the fiber contents of the needles on one side and larval survival and pupal weight on the other side, whereas these parameters were positively correlated with the protein contents of the needles. Oleoresin on the needles may hinder the neonate larvae and may kill up to 100% of them (G. Benz, unpublished). Thus most of the above-mentioned aftereffects in defoliated larch trees have negative effects on Z diniana. Since they reduce the rate of survival as well as the weight of larvae and pupae (and thus the fertility and fecundity of the adults), they may be regarded as induced transient antibiosis factors which temporarily increase the resistance of larch trees against Z diniana.
As mentioned above, weather conditions and the biotope may influence the extent of the delayed reactions of defoliated trees. Some observations suggest that similar reactions of the larch may also be induced by certain weather conditions alone or in combination with stimuli, which the trees receive from the activity of bud moth larvae still far below defoliating density.
NATURAL ENEMIES
Parasitoids and Predators
The natural enemy complex associated with· Z diniana in western Europe com prises 94 species of parasitoids and several species of predators. Eight species (five Gelis and three Mesochorus) always act as hyperparasitoids and five others (four Itoplectis and Mesopolobus subfamatus) may be primary as well as secondary parasi toids.
The diversity of the natural enemy complex varies according to the altitude, and its greatest diversification occurs in the SUbalpine optimum zone of the host. In fact, 76 species of parasitoids have been obtained in the Engadine during the last three cycles of Z. diniana (14, 37, 44, 58, 85) , whereas only 11 species have been observed in the lowland area near Lenzburg (56) . Nine of the 11 species found in the lowland also occur at high altitude. As many as 29 parasitoids attacking Z. diniana in the Engadine parasitize other Lepidoptera associated with the larch tree; however, the most abundant parasitoid species are nearly monophagous, at least above 1600 m (44) . Nearly 87% of the parasitoid species belong to the Ichneumonidae (the major ity), Braconidae, and Chalcidae (Hymenoptera), and the rest to the Tachinidae The complex. of predaceous arthropods of Z diniana has received much less attention than that of the parasitoids. It appears, however, that the species involved vary considerably by area and that only a few species are predators of Z diniana in a given area. In the Engadine, some representatives of Dermaptera and Acarina were detected, whereas in the lowland areas near Zurich only one mirid and one neuropterous species were observed preying on Z diniana (45) .
The egg stage of Z. diniana has a duration of nine to ten months, with eggs exposed to the action of natural enemies, during the summer and possibly the following spring. Predaceous arthropods destroy a great number of eggs. In lowland areas of Switzerland, they eliminate in experimental egg populations up to 80% (56), but their impact on a sparse, widely dispersed autochthonous population is not known. The most important predator here is the mirid Deraecoris annuli pes. In similar experiments at high altitudes where field populations reach comparable densities, it appears that predators play an important role in modeling the phase of the host cycle (45) . The most important predaceous species in these localities are the mites Balaustium murorum and Bdella vulgaris (45) . The impact of paras ito ids, which exclusively belong to the genus Trichogramma, is insignificant. The degree of parasitism varies from 0.8 to 2.0% in lowland areas and from 0.6 to 6.8% at high altitudes.
Nearly all primary parasitoids of Z diniana known today attack the larvae at different stages of development. Some of them have been observed parasitizing Z diniana from the lowland to the upper limit of the forests, for instance, Coc cygomimus turionellae, Triclistus podagricus, Eubadizon extensor, Elachertus ar gyssa, and Dicladocerus westwoodii. Despite their wide distribution, however, most have been observed as parasitoids of Z. diniana only in certain areas and to attack this host only occasionally. Seventy-five percent of the larval parasitoids from the Engadine belong to this category. The most common species attacking Z. rjiniana at high altitude are the ichneumonids Phytodietus griseanae, Diadegma patens, Triclistus pygmaeus, and T. podagricus, and the eulophids E argyssa, D. westwood;;, and Sympiesis punctifrons (1 ,14,84). Several species of paras ito ids attack the young host larvae, for instance, T. podagricus, Apanteles spp., and the eulophids. Most of the parasitoids are, however, associated with the last two f ; ee-living larval instars of Z. diniana. With the exception of the eulophids, the parasitoids are univoltine at high altitudes and overwinter in the litter as larvae (P. griseana), pupae ( T. pygmaeus), or as free adults (D. patens) (14) .
The degree of larval parasitism in lowland areas does not exceed 4.5% (56) . At high altitudes, the parasitism as a rule remains below 10% during the phase of host density increase and augments progressively during the phase of host density de cline, reaching a maximum of 70-80% two to three years after maximum host density. In general, the parasitoid complex tends to be dominated by the Ich neumonidae (in particular by P. griseanae) during the phase of highest host den-sity, whereas the three species of eulophids become most important during the phase of population decrease and minimum density. However, the presence of parasitoids during the latter phase (one host larva per larch tree or less) is very difficult to ascertain. All other parasitoids are, at least in the Engadine, much less abundant (Y. Delucchi and A. Renfer, in preparation). The loss of importance of eulophids in the course of host density increase is attributed by Aeschlimann (1, 2) to the distortion of sex ratio, increased larval mortality, and the insufficient paralysis of the host, and by Baltensweiler (14) to the behavior of the host.
Because of the difficulty to fi nd pupae of Z. diniana in the soil, pupal parasitoids have been investigated only during a short phase of maximum host density in the Engadine as well as in the Simplon region (canton Wallis). Apart from the Gelinae, which are hyperparasitic in habit, pupae of Z. diniana seem to be attacked in the soil by a few species mainly represented by Phaeogenes osculator and some unidenti fied Ephialtinae (Ichneumonidae) (14) . The degree of pupal parasitism may reach 20% locally, but in general it is less than 1 %. The impact of predators on pupae has never been evaluated.
Entomopathogens
Mortality caused by microorganisms rarely plays an important role in the popula tion dynamics of Z. diniana (6) . A highly virulent Baculovirus sp. of the granulosis type (28, 29, 70, 71) reached epizootic levels during the culmination phase of the 1949 to 1958 gradation in the Engadine and reduced bud moth populations deci sively (7 1, 72). Since then, the same virus has been found in populations of Z. diniana in France, Italy, and Austria, but it never again reached epizootic levels. During the 1959 to 1967 gradation, disease incidence in the Engadine was spotty and varied on individual trees from 0 to 25%, and the average mortality was 10% (G. Benz, in preparation). Granulosis incidence was negligible during the 1967 to 1977 gradation (89, 90) . Results suggest the occurrence of viruses that were not apparent in a part of the bud moth populations of the Engadine (28; G. Benz, in preparation). These viruses may sometimes be activated by stress (90) .
G. Benz (unpublished data) found an Entomopoxvirus sp. in bud moth larvae in the Engadine, but it never reached more than local significance. However, it may have been involved in the breakdown of Austrian Z. diniana populations in 1947 reported by Jahn (66) , who thought the cause to be a polyhedrosis virus.
Besides viruses, Martignoni (57) described a sporozoan belonging to the micro sporidian genus Telohania, from Z. diniana. G. Benz (unpublished data) found at least four species of microsporida: two Octosporea species, one Telohania species, and one Nosema species, which all together rarely killed more than 1 % of the larval Z. diniana populations.
SYNTHESIS
Weather and climate in the subalpine region favor population growth of the bud moth for the most part (20). However, since no cyclic weather conditions with a periodicity of eight to ten years are known, it appears that weather may modify , rather than release the cyclic gradations of Z diniana (16) . Other processes must therefore regulate its temporal abundance. The available data show that the subal pine larch forest and Z. diniana form an autoregulating life system in which the insect mUltiplies for four to five generations under predominantly favorable climatic and trophic conditions and thus, by transgressing the carrying capacity of the trees, changes the nutritional base in such a way that environmental resistance to the insect becomes more severe (32). During the phase of population increase, the dark colormorph proliferates, whereas subsequent to defoliation the slow-developing intermediate ecotype is selected for four to five generations (22). Thus a population cycle ref l ects negative-feedback system successfully protects larch stands from destruction. Since larvae at high density may destroy young cembran pine trees in the undergrowth of larch stands, the system involves a positive-feedback element which favors the larch and thus efficiently retards the natural succession from pure larch stands towards the larch-cembran pine climax forest (23).
Two incidences are known from the subalpine optimum area where bud moth popUlations declined or stagnated without having caused defoliation:
1. Populations of the light cembran pine form f l uctuate synchronously with the dark larch form, although the cembran pine is never defo liated, because of the selective feeding on the current year's shoots and needles only. The decline in population numbers of the pine form may therefore not be fully attributable to a density-induced deterioration in food quality, though relevant experiments have not been made. Instead, a significant shift from light to intermedi ate morphotypic popUlation structure was observed; this is interpreted to be the result of large-scale panmixia between the adults of the two ecotypes.
2. Populations in the Valle Aurina, which is representative of the cyclic fluctua tion type in the eastern part of Southern Tyrol, stagnated from 1971 to 1975 at a medium density of 5 larvaelkg (C. Auer, in preparation). These years were unusu ally cool and rainy during the spring season, and consequently the larch needles grew very slowly and exhibited a large raw fiber content (80) . In this period, the frequency of intermediate morphotypes increased from 3% to 24%.
The example of the Valle Aurina population confirms that the trophic stress may select for the intermediate morphotype regardless of whether it is induced by defolia tion or by weather. The fact that prolonged selection for the intermediate mo\" photype or panmixia leading to it eventually results in population decline or stagnation is equally important. Continuously high proportions of intermediate morphotypes in the area of latency indicate, in contrast to the subalpine optimum . area, the prevalence of a permanent stress situation (22). A statistically significant increase of dark morphotypes at Lenzburg in 1973 reflects the impact of immigrants from the subalpine outbreaks areas (W. Baltensweiler, in preparation).
The problem of colormorphs in aperiodically fluctuating bud moth populations in England appears to be more complicated. Day (42) found that, in general, English bud moth populations hatch much too late for optimum survival on the introduced larch trees. However, it is postulated that the remarkable plasticity of postdiapause development and/or the adaptive characteristics of the ecotypes serve as the basic prerequisite for disruptive selection eN. Baltensweiler, in preparation). Selective survival on early-flushing larch or late-sprouting picea and/or pine would provide the mechanism for the generation of local host-specific populations. This interpreta tion needs further verification, since the older records on bud moth outbreaks on spruce and pine (42) do not provide conclusive information on color phenotype composition. The fact, however, that even a small increase in density of a larch population was associated with a significant shift from intermediate to dark mor photype composition (42) reveals the existence of a basically similar mechanism as in the cyclic fluctuation area. Interestingly enough, Naumenko (78) also mentions the preponderance of dark phenotypes in increasing populations in Siberia.
Thus the change in frequencies of colormorphs within the various fluctuation types discloses a consistent strategy to cope with the variability of the environment. This strategy, expressed in a simplified manner, relies on two ecotypes, which differ in susceptibility against stress conditions, whereby the ecotype homozygous for dark coloration is the more susceptible. Because ecologically relevant changes in geno type frequencies within four generations are also found in field and laboratory populations of Drosophila (47, 92) , it may be concluded that the strategy to survive employed by Z diniana is not unique.
The role played by natural enemies is rather uncertain. In the optimum develop mental zone of Z diniana, the degree of parasitism augments slowly during the phase of host population increase and becomes rather high at the beginning of the phase of population decline. On predators, data are available only from a phase of high host density, and it appears that they play a major role in the decimation of the eggs. It is, however, too early to speculate about the significance of the natural enemy complex within the context of a cyclic change of host densities. The interac tions between natural enemies, climate, and the intraspecific competition of the host for space and food remain to be defined. For the time being, it can be assumed that the natural enemies do not directly intervene in the feedback mechanism of Z. diniana.
MODELS OF POPULATION DYNAMICS
Baltensweiler (19) formulated a verbal model of weather factors favoring population increase outside the subalpine optimum zone, in which cool summer temperatures and cold winters were of prime importance for high survival rates in the egg stage. Retrospective analysis of population increase of Z diniana in central Europe (19), the Pyrenees, and England (42) confirmed this hypothesis. Multiple regression analysis based on similar reasoning led to the acceptance of the hypothesis that certain elements of temperature may act as key factors in determining egg popula tions along the altitudinal profile (24). Auer applied Morris's key-factor analysis to population data of the Engadine, using parasitism, disease, defoliation, and tempera ture as independent variables (6, 7) . With regard to the high accountability of the model (coefficient of determination: 0.9762), Auer concluded that larval parasitism and defoliation dominated as regulating factors, whereas disease and temperature were of minor importance only. Varley & Gradwell (99) According to their view, Auer had failed to include the residual mortality which, as they postulated, contained the decisive mortality. However, in their analysis, they omitted the effects of defoliation which Auer had found to be important; thus the argument turns round and round (9) .
The application of static models to dynamic processes with various feedbacks and time lags remains disputable. In order to avoid this principal disadvantage of key factor analysis, Van den Bos & Rabbinge (98) attempted to construct a dynamic model of the larch bud moth in the Engadine. They applied the simulation technique propo sed by de Wit & Goudriaan (46) by using the simulation language CSMP lIt The model contains three subsystems: the larch, the larch bud moth, and the complex of parasitoids represented as a single hypothetical species. The authors succeeded in simulating the observed population cycle of the Engadine very closely and arrived at the same amplitude and a cycle phase of 8 years. However, the omission of a single subsystem or any parts of it drastically altered the simulated f l uctuation of the applied parameters did not reveal any particular key factor. Therefore the authors conclude that the larch bud moth cycle is only to be explained by the interaction of many different factors.
We fully agree with the authors (46) that the available information is in many ways imperfect and incomplete, but we disagree with their conclusion that this model tests the validity of the various hypotheses propo sed for the explanation of the bud moth cycle. In our opinion, too many assumptions were required in arriving at their model. Nevertheless, by improving the biological information and by apply ing system identifi cation and state estimations, this method of analysis may prove valuable in future investigations.
MANIPULATION
The periodicity of the larch bud moth fluctuation provides unique possibilities to manipulate the population at various density levels. Small-scale experiments with the specif i c on 9 ha (G. Benz, unpublished data) and during progression in 1970 on 17 ha (89) led to population reductions of not more than 33%, indicating that the virus is too quickly inactivated and thus not a useful control agent. On the other hand, experi ments on 21 ha in 1963 and 1964 with Bac ill us thuringiensis caused up to 95% reduction in population density and thus proved to be a possible control agent (33) . The inundative release of natural enemies has been attempted on a small scale of 10 ha (3, 84). The experiment was facilitated by the delayed appearance of peak densities of the bud moth and parasitoids within the Alps. This allowed the transfer of mass-collected adults of parasitoids to the Engadine area. When considering the poor results of parasitism obtained, the extent of the area being treated, and the problem of maintaining industrial production of parasitoids over years of minimum host density, the fi nancial implications are evident.
Three treatments with DDT, Phosphamidon, and B. thuringiensis, respectively, each of them covering "'1000 ha subalpine larch forest in Switzerland and France, BAL TENSWEILER, BENZ, BOVEY & DELUCCHI were conducted at peak density. In two instances, the practical goal, i.e. the elimina tion of defoliation, was achieved (10, 73), but the reasons for the simultaneous collapse of the treated and control po pulations from the near-defoliation threshold are still controversial. There are indications that a change in the genetic structure, either due to selection by the treatment and/or a subtle change in food quality or immigration of post peak moths from neighboring areas, were responsible for the regression phase. Another B. thuringiensis treatment in the French Alps, on 2700 ha at minimum density of 0. 044 larvaeikg, reduced the density by 62% (62; C. Auer, unpublished data), but the population increased in the three subsequent generations at the same rate as the control.
Thus the manipulation efforts did not succeed in altering the cycle fundamentally; at best a one-year impact was achieved. At high densities, long-range dispersal seems effective in homogenizing populations in a positive or negative sense. This phenome non not only renders attempts to control outbreaks somewhat questionable, but it also complicates proper evaluation of control efforts. The strategy to manipUlate optimum developmental areas at low density appears to be more promising; how ever, two conditions are imperative: (a) the area administered must be related to the entire area of the cyclic fluctuation type, and (b) it is estimated that the density level at the local optimum sites must be reduced by a fa ctor of 1000 below the average minimum density (Table 2) . Investigations by means of the pheromone confusion technique are currently under way.
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